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Of Mice and Light 


increased accuracy without mechanics 


Harry Baggen 


These days, no one is surprised any more 
about a mouse without a ball, although optical 
mice have been around for only a few years. 
Meanwhile, optical sensors have evolved to 
the point where they can easily compete with 
the accuracy of a mechanical assembly. In 
fact, they are often even more accurate and 
react quicker. 


Nowadays a personal com- 
puter without a mouse is 
practically unimaginable. So 
many operations are carried 
out with the mouse that 
using Windows, for exam- 
ple, with the keyboard only 
is next to impossible, 
because you are constantly 
moving over a graphical 
desktop. That the (optical) 
mouse has become an 
essential part of any modern 
PC is confirmed by the large 
numbers sold. The largest 
manufacturer of optical 
mouse sensors, Agilent (the 





former component division 
of HP), has sold more than 
200 million units since the 
introduction of the first sen- 


sor in 1999! In addition, 
there are several other man- 
ufacturers of these types of 
sensors and mechanical 
mice continue to be pro- 
duced in large quantities. 


The major advantage of the 
optical mouse compared to 
its mechanical counterpart 
is the virtual immunity to 
dirt and dust. Cleaning of 
the ball and rollers is a thing 


elektor electronics - 4/2004 


of the past. None the less, 
there are (or were) disad- 
vantages. The first optical 
mice were slow to react, 
inaccurate and power hun- 
gry. These problems have 
now all been solved, so only 
the advantages remain. 
There is still one small 
weakness: an optical mouse 
does not work well on some 
surfaces, because it cannot 
find enough identifying 
marks. However, this prob- 
lem is easily solved with 
another mouse mat. 


As a result of falling sensor 
prices and the simple con- 
struction of the sensor (prac- 
tically everything, except 
the LED, is accommodated 
in one IC) the mechanical 
mouse is now slowly disap- 
pearing from the retail 
shelves. 


Camera and DSP 


At first glance, it would 
seem easy to detect the 
movement of the mouse 
using an optical system. But 
behind this simple idea 
hides some complex elec- 
tronics that’s comparable to 
a simple video camera com- 
bined with an intelligent 
digital movement detector. 

Figure 1 shows a cross-sec- 
tion of the mouse near the 
optical sensor. All the elec- 
tronics, including the ‘cam- 
era’ part and the lens, are 
contained in a single IC 
labelled sensor in the dia- 
gram (Figure 2 shows a 
block diagram of the IC). An 
LED next to the IC provides 
for sufficient illumination of 
the surface over which the 
mouse is moved. The sensor 
catches some of this reflect- 
ed light and translates it 
into an image. The camera 


the image-processor (a DSP), 
which repeatedly performs a 
pattern analysis and com- 
pares this with the previous 


pattern. Using patented 
technology, the DSP can 
deduce in an instant in 


which direction the pattern 
is moving and at which 
speed. Figure 3 shows two 
images separated in time by 
about 0.7 ms. The processor 
recognises similar patterns 
in each of these images and 
uses these to calculate the 
displacement in the X- and 
Y-direction. 


Modern sensors have a reso- 
lution of 400 or 800 CPI 
(counts per inch) and reach 
unbelievably high process- 
ing speeds of around 2500 
frames per second. This 
makes movement speeds of 
up to 12 inches (approx. 
30.5 cm) per second possible! 
Wireless optical mice use 
special techniques to reduce 
the power consumption as 
much as is possible. For 
example, the frame-rate is 
reduced when little move- 
ment has been detected. 


Finally, a quick look at the 
output signals produced by 
the mouse sensor. The 
cheaper sensors are limited 
to a serial output, which 
transmits the X- and Y-dis- 
placement data to a proces- 
sor in the mouse for further 
processing. Larger sensors 
often have additional quad- 
rature outputs, which pro- 
vide signals similar to a 
mechanical mouse. In princi- 
ple you could use such a 
sensor to modify an existing 
mouse yourself... 
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Figure 1. This drawing shows a cross-section of a mouse near the 


sensor and LED. (source: Agilent) 
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Figure 2. Block diagram of the design of an optical mouse sensor, 


in this case an ADNS-2051. (source: Agilent) 





Figure 3. These are two images recorded by the sensor 0.67 ms 


section is relatively small, 
usually only 20 20 or 30 30 
pixels. These generate a 
black-and-white image for 


apart. From this information the DSP calculates the displacement 
in the X- and Y- direction. (source: Agilent) 
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